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Abstract 
Master thesis is aimed at stress and deformation analysis of electrically heated compound pipe 
and attached parts. Goal of the work is to analyze pipe segments separately and in full scale 
against limit states and to determine maximum allowed loads. Pipe is analyzed against yield 
strength and maximum allowed displacement. Support is analyzed to find out installation load 
and force reactions during installation. Mutual interaction is finally analyzed. If limits are 
overrun or modification is necessary, discussion take place at appropriate chapter. 
Abstrakt 
Diplomová práca je zameraná na napäťovú a deformačnú analýzu elektricky vyhrievaného 
potrubia a príslušných častí. Cieľ práce je analýza častí potrubia samostatne a vo vzájomnom 
pôsobení voči medzným stavom, a zistenie maximálneho dovoleného zaťaženia. Potrubie je 
analyzované voči medznému stavu pružnosti a maximálnej dovolenej deformácií. Podpora je 
analyzovaná s cieľom nájsť adekvátne zaťaženia a silové reakcie počas inštalačnej fázy. 
Nakoniec je vyšetrované vzájomné pôsobenie. Potenciálne prekročenie daného medzného 
stavu je diskutované v adekvátnej kapitole.  
 
 
 
Keywords  
Stress, strain, deformation, support, pipe 
Kľúčové slová  
Napätie, pretvorenie, deformácia, podpora, potrubie 
 
 
 
 
Bibliografická citácia 
HLADKÝ, M. Napěťová, deformační a spolehlivostní analýza vyhřívaného složeného 
potrubí. Brno: Vysoké učení technické v Brně, Fakulta strojního inženýrství, 2013. 69 s. 
Vedoucí diplomové práce prof. RNDr. Ing. Jan Vrbka, DrSc., dr. h. c.. 
Declaration of Authorship 
I hereby declare, that my Master thesis and the work it contains have been carried out by me and is 
result of my work, with help from sources mentioned in reference list.  
24/05/2013       .......................................................... 
         Bc. Maroš Hladký 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Acknowledgment  
I would like to express my humble gratitude to my supervisor prof. RNDr. Ing. Jan Vrbka, DrSc., dr. 
h. c. for his patience and valuable advices in general, and his immense effort in the most important 
weeks. I would also like to thank to work colleagues, who were supplying me with never-ending 
stream of important information. 
            
     
 
   
Brno University of Technology, Faculty of Mechanical Engineering,                                    
Institute of Solid Mechanics, Mechatronics and Biomechanics. 
Stress, deformation and reliability analysis of heated compound pipeline 
 
 
 
 
2 
Table of contents 
1. Introduction .......................................................................................................................... 3 
1.1. General introduction ...................................................................................................... 3 
1.1.1. List of Abbreviations .............................................................................................. 3 
1.2. Project ............................................................................................................................ 4 
1.2.1. Project description .................................................................................................. 4 
1.2.2. Pipe description ...................................................................................................... 5 
1.2.3. Pipeline material characteristics ............................................................................. 5 
1.2.4. Pipe construction methodology .............................................................................. 6 
2. Project assignment ................................................................................................................ 7 
2.1. Design premise .............................................................................................................. 7 
3. FEM and analytical model verification ................................................................................ 7 
3.1. Inner pipe design and verification ................................................................................. 7 
3.1.1. Prior operation analysis .......................................................................................... 8 
3.1.2. First stage of operation ......................................................................................... 13 
3.1.3. Last stage of operation ......................................................................................... 14 
3.2. Support design and verification ................................................................................... 15 
3.2.1. Pre-installation clamping ...................................................................................... 16 
3.2.2. Weld passing ........................................................................................................ 16 
3.2.3. Support axial slippage .......................................................................................... 16 
3.3. Inner pipe Support interaction ..................................................................................... 19 
3.3.1. Operation stage - Inner pipe ................................................................................. 19 
3.3.2. Operation stage - Support ..................................................................................... 19 
4. Overall Conclusion ............................................................................................................. 20 
References .................................................................................................................................. 21 
List of used symbols ................................................................................................................... 22 
List of Figures ............................................................................................................................ 23 
List of Tables .............................................................................................................................. 23 
List of Graphs ............................................................................................................................. 23 
 
Brno University of Technology, Faculty of Mechanical Engineering,                                    
Institute of Solid Mechanics, Mechatronics and Biomechanics. 
Stress, deformation and reliability analysis of heated compound pipeline 
 
 
 
 
3 
 
1. Introduction 
1.1. General introduction 
Curiosity is the main characteristics of human kind. It is the driving force that helped us to 
crawl out of the caves, to develop abilities to survive in various harsh conditions, to feed 
masses through agriculture, to widen our knowledge of world around us. And most 
importantly, to enslave the key forces that have built the World as we know it. 
With every new breakthrough, the pace of human development is rising ever quicker.  
All processes in nature, human development is no exception, need some source of energy. On 
the beginning we used our bare hands, later it was animals and wood. General trend always 
was to increase the energy density of our source.  
For many decades, human kind get stuck with fossil fuels. We are now on a sub step, between 
obsolete coal and not yet fully developed fission technology, where the ever growing hunger 
for energy forces us to look deeper and farer for new reservoirs of black sticky gold.  
The goal of this document is to describe and solve some mechanical difficulties associated with 
transport of oil for heated pipe.  
1.1.1. List of Abbreviations  
CONFIDENTIAL  
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1.2. Project 
1.2.1. Project description 
CONFIDENTIAL 
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1.2.2. Pipe description 
CONFIDENTIAL 
1.2.2.1. Heating  
CONFIDENTIAL.  
1.2.2.2. Insulation and temperature monitoring cables  
CONFIDENTIAL 
1.2.2.3. Supports  
CONFIDENTIAL. 
1.2.3. Pipeline material characteristics 
CONFIDENTIAL   
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1.2.4. Pipe construction methodology 
CONFIDENTIAL. 
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2. Project assignment 
Goal of this document was to create adequate 3D FEM model of heated double layer 
production pipe in order to examine several pipe operation and installation cases. Structural 
integrity of inner pipe validation was performed by calculation of stress, strain. Level of 
deformation was checked. In cases where it was possible, analytical results were obtained and 
compared to FEM model. Comparison of results is always located among relevant Chapter. 
Due to specific construction of inner pipe, work done was divided in three sections :  
 Inner pipe design and verification 
 Support design and verification 
 Support - Inner pipe interaction verification 
Chapters by its nature are overlapping. Results from individual Chapters are used to model and 
remodel previous and following simulations.  
2.1. Design premise 
CONFIDENTIAL 
3. FEM and analytical model verification 
3.1. Inner pipe design and verification 
CONFIDENTIAL 
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3.1.1. Prior operation analysis 
CONFIDENTIAL.  
3.1.1.1. Boundary conditions 
Inner pipe geometry is simplified using symmetry planes. These are described on Figure 4. 
 
Figure 1. Inner pipe symmetry planes 
Applied boundary conditions are shown on Figure 5. Support symmetry plane represents 
middle plane of the support and Symmetry plane represents the plane exactly in the middle of 
supports. 
 Frictionless Support (A,B,C,D) : 
prevents displacement perpendicular to symmetry plane. Allows sagging in vertical 
direction caused by Earth gravity 
 Remote Displacement (E) : 
prevents displacement the same way as (A,B,C,D) except it also fix displacement in 
"Y" direction, while keeps the surface deformable. 
 Acceleration (F)  
Only load applied to geometry. Equal to Earth gravity at the corresponding 
geographical location. Set in "Y" direction, with value : 
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Figure 2. Boundary conditions 
3.1.1.2. Mesh 
CONFIDENTIAL 
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Figure 3. Mesh details 
3.1.1.3. Results 
CONFIDENTIAL 
3.1.1.4. Analytical calculation 
Previous analysis is simple one and can be calculated analytically. Simple geometry is on 
Figure 8. 
Figure 4. Beam geometry 
        linear load from pipe weight 
     CONFIDENTIAL 
       Element of Inner pipe between Supports 
CONFIDENTIAL 
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Force and Moments are on Figure 9. 
Figure 5. Forces and moments 
Differential equation [3] of deflection for beam loaded by simple bending is  
   
  
  
                                                                               
         Bending moment 
        Young modulus of elasticity 
             
         Area Moment of inertia 
             
Boundary condition of zero rotation is applied to point A, what means  
   
  
   
                                                                            
moment reaction for the beam section at length x is on the Figure 10. Normal and translational 
force is excluded because it is not used in calculation.  
Figure 6. Beam section 
Momentum equilibrium for section point at x gives 
               
    
 
 
   
 
   
    
 
                                  
(2) in extended form  
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From (5) after few mathematical modifications 
   
    
  
 
extended double integration of (1) 
       
      
 
 
    
 
 
      
  
                                      
      
      
  
 
    
  
 
       
  
                                    
Rotation and displacement at A, that means x=0 are both zero. Applying this boundary 
conditions means  
                                                                                 
Applying (9) into (8) gives  
  
 
 
  
    
               
              
3.1.1.5. Conclusion 
Loading is proportionally shared between API 5L X60 steel and ARA. It is caused by similar 
material properties and bonded-like contact between. Sag value doesn't endanger the insulation 
and stress values are minute. No additional steps or corrections are necessary for this load case. 
Difference between analytical displacement and analysis result is small. Analytical solution 
does not take into account double layer behavior and deformation of circular cross-section of 
analyzed geometry. 
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3.1.2. First stage of operation  
CONFIDENTIAL.  
3.1.2.1. Boundary conditions 
CONFIDENTIAL 
3.1.2.2. Mesh 
CONFIDENTIAL 
3.1.2.3. Results 
CONFIDENTIAL 
3.1.2.4. Analytical calculation 
Principal stresses for this kind of geometry follows general theory of cylindrical bodies. From 
those, von Mises stress is calculated. 
 tangential stress on inner surface 
                 
  
    
 
  
    
               
 
 radial stress on inner surface 
                              
In theory, in a pressurized cylindrical container, radial principal stress is equal to inner 
pressure. Observed difference can be caused only by combination of other loads and 
presence of second material layer. 
Axial principal stress is produced partly by thermal difference, investigated model is far from 
ideal state where thermal linear expansion can be used. Therefore calculation and comparison 
with reached values is not done.  
3.1.2.5. Conclusion 
CONFIDENTIAL.  
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3.1.3. Last stage of operation 
CONFIDENTIAL 
3.1.3.1. Boundary conditions 
CONFIDENTIAL  
3.1.3.2. Mesh 
Mesh used is exactly the same as in Chapter 3.1.1 Prior operation analysis. 
3.1.3.3. Results 
CONFIDENTIAL 
3.1.3.4. Analytical calculation 
Exactly the same methodology, equations and explanation works in this Chapter as it does for 
Chapter 3.1.2. 
 tangential stress on inner surface 
 
                 
  
    
 
  
    
               
 
 radial stress on inner surface 
 
                              
3.1.3.5. Conclusion 
CONFIDENTIAL 
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3.2. Support design and verification 
CONFIDENTIAL  
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3.2.1. Pre-installation clamping 
CONFIDENTIAL. 
3.2.1.1. Boundary conditions 
CONFIDENTIAL 
3.2.1.2. Mesh 
CONFIDENTIAL  
3.2.1.3. Analysis settings 
CONFIDENTIAL  
3.2.1.4. Results 
CONFIDENTIAL 
3.2.1.5. Conclusion 
CONFIDENTIAL 
3.2.2. Weld passing 
CONFIDENTIAL 
3.2.2.1. Boundary conditions 
CONFIDENTIAL  
3.2.2.2. Mesh 
CONFIDENTIAL 
3.2.2.3. Analysis settings 
CONFIDENTIAL 
3.2.2.4. Results 
CONFIDENTIAL 
3.2.2.5. Conclusion 
CONFIDENTIAL 
3.2.3. Support axial slippage 
CONFIDENTIAL 
Brno University of Technology, Faculty of Mechanical Engineering,                                    
Institute of Solid Mechanics, Mechatronics and Biomechanics. 
Stress, deformation and reliability analysis of heated compound pipeline 
 
 
 
 
17 
3.2.3.1.  Boundary conditions 
CONFIDENTIAL 
3.2.3.2. Analysis settings 
CONFIDENTIAL  
3.2.3.3. Mesh 
CONFIDENTIAL.  
3.2.3.4. Results 
CONFIDENTIAL 
  
Brno University of Technology, Faculty of Mechanical Engineering,                                    
Institute of Solid Mechanics, Mechatronics and Biomechanics. 
Stress, deformation and reliability analysis of heated compound pipeline 
 
 
 
 
18 
3.2.3.5. Conclusion 
CONFIDENTIAL 
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CONFIDENTIAL  
4. Overall Conclusion 
CONFIDENTIAL.   
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E   [MPa]   Young’s Modulus 
     [N/m]   linear load from pipe weight  
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